Introduction
The American Cancer Society predicts that there will be 231,840 new cases of invasive breast cancer diagnosed in the US in 2015. 1 Given that many of these patients will undergo mastectomy, considerable research has been done on anesthetic techniques. The benefits of regional anesthesia techniques, including thoracic paravertebral blockade (TPVB), include improved analgesia, reduced opioid consumption, reduced postoperative nausea and vomiting. [2] [3] [4] [5] [6] TPVB offers several advantages for breast cancer surgery as an opioid sparing technique, including mounting evidence supporting reduced tumor recurrence following mastectomy. [7] [8] [9] There is also evidence that a paravertebral block, either a single shot or continuous catheter, can lower the incidence of chronic pain following mastectomy. [10] [11] [12] [13] While there are variations on the techniques for placement of a paravertebral block, the two commonly used techniques are ultrasound guided (USG) and landmark based.
14 It is our standard practice to offer patients undergoing mastectomy paravertebral nerve blockade preoperatively. Here, we compared the two primary techniques used at our institution, USG and anatomic landmark guided (ALG), to see if one technique offers a higher success rate. We defined success based on the patient's postoperative pain and overall opioid use. We also looked at time for block performance and length of stay in post anesthesia care unit (PACU) as additional primary end points.
Methods
The institutional review board (IRB) at the University of Rochester School of Medicine approved this single-center retrospective study (RSRB: 54877). A waiver of consent was granted by the IRB due to the retrospective nature of data collection as all specified criteria for a waiver of Health Insurance Portability and Accountability Act (HIPAA) of 1996 requirements were met. All study procedures were completed at the University of Rochester Medical Center/ Strong Memorial Hospital, a tertiary care, teaching hospital located in Rochester, NY, between January 2013 and December 2014. The surgical procedures performed included mastectomy, mastectomy with sentinel lymph node biopsy, modified mastectomy, mastectomy with implant insertion, partial mastectomy, partial mastectomy with sentinel lymph node biopsy, and breast biopsy with axillary lymph node dissection. The exclusion criteria included age <18 years, noncancer-related mastectomy, body mass index (BMI) <18 kg/m 2 or >35 kg/m 2 , allergy to opioid medication, and daily opioid use of >50 mg morphine equivalents. We also excluded incomplete medical records or those with missing data points from our analysis. These exclusion criteria were set at the time of IRB submission and retrospectively applied following completion of all chart reviews. A total of 108 charts were included in the final data set, 53 from the USG group and 55 from the ALG group.
Preoperative procedure
All patients received premedication for anxiolysis and analgesia with either intravenous (IV) midazolam 1-6 mg and/or IV fentanyl 50-200 mg prior to receiving the block. All patients were monitored with noninvasive blood pressure and pulse oximetry and given supplemental oxygen via nasal cannula at 4 L/min during the procedure.
Thoracic paravertebral block technique
The technique for the PVB was chosen at the discretion of the attending anesthesiologist. In the anatomic or landmark-based approach, the spinous process of C7 and the lower tips of the scapula (parallel to T7) were identified and used to identify the target levels. The needle insertion site was 2.0-2.5 cm lateral to the spinous process, where the needle was inserted until contact with the transverse process was made, and then the needle was redirected cephalad until a loss of resistance was felt, generally <1 cm past the transverse process. This loss of resistance was the needle passing the superior costotransverse ligament and entering the paravertebral space, which only occurs in the thoracic region. Local anesthetic was then injected into the space, and this process was repeated from T2 to T7 as needed to achieve the desired spread based on the surgical procedure.
In the USG approach, an 18-gauge, 10-cm Tuohy needle was introduced using an in-plane approach relative to a highfrequency ultrasound transducer. The needle was advanced in a cephalad manner under direct visualization until the superior costotransverse ligament was punctured and the volume of local anesthetic was deposited at the thoracic interspace T4.
Intraoperative and postoperative management
The patients all underwent general anesthesia with the airway and intraoperative management, including opioid and nonopioid analgesia, at the discretion of the anesthesia team. At the conclusion of the surgery, all patients were transferred to the PACU. In the PACU all patients were treated with IV hydromorphone in 0.2-0.4 mg increments for a Visual Analog Scare (VAS) score of 4/10 or greater or patient request for analgesia. Patients were monitored in the PACU until they met phase I discharge criteria.
Outcomes
Our primary end points were intraoperative opioid use, duration of PACU stay, PACU opioid use, and initial and final PACU phase I pain scores. The cumulative doses of intraoperative and postoperative opioids were converted to IV morphine equivalents.
We collected the time to perform the block (in minutes) and the amount of anxiolytic required (IV midazolam) and analgesic (IV fentanyl) given during block placement. In addition, the amount of local anesthetic used and the number of attempts needed for successful blockade either by resident or attending attempts were also recorded. We also noted any block-related complications, including pneumothorax, inadvertent vascular puncture, intravascular injection, epidural spread, and systemic toxicity. 
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Comparison of TPVB techniques for postmastectomy analgesia Data management and statistical analysis Study data were collected and managed using Research Electronic Data Capture (REDCap) electronic data capture tools hosted at University of Rochester School of Medicine and Dentistry. 15 The Shapiro-Wilk test was used to examine the normality assumption of continuous measurements in the two groups. 16 Our result failed to reject this hypothesis for all continuous measurements. The two-sample t-test was used to compare the mean values of continuous measurements in the two groups. The significance level was set at 0.05. All statistical analyses were implemented with SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
Results

Study population
We reviewed a total of 148 records of patients that received a TPVB for breast tumor resection from January 2013 to December 2014 at our institution. Of these 148 records, 40 were excluded because they did not meet the inclusion criteria or because they had incomplete medical records. Of the remaining 108 records, 55 patients received TPVB using the ALG approach and 53 patients using the USG approach. Patient demographic characteristics were similar with no statistically significant differences (p>0.05) between the two groups ( Table 1) .
Outcome measures
We did find a statistically significant difference in the amount of local anesthetic used in the USG group (32.32±5.67 mL) compared with that used in the ALG group (30.09±5.23 mL, p=0.04). There was no statistically significant difference between the time to complete the block despite the USG technique only requiring a single injection and the ALG approach requiring five injections at the T2-T6 levels ( Table 2) .
We found no statistically significant differences in our primary outcomes (Table 3 ). The intraoperative opioid requirement in IV morphine equivalents was 12.21±8.06 mg in the ALG group and 11.97±10.38 mg in the USG group (p=0.89). The PACU opioid consumption in IV morphine equivalents was 4.13±4.22 mg in the ALG group and 4±4.02 mg in the USG group (p=0.87). The PACU length of stay was 109±92 minutes in the ALG group and 120±177 minutes in the USG group (p=0.68). The PACU first pain score was 2.76±3.39 in the ALG group and 2.15±2.91 in the USG group (p=0.32). The PACU last pain score was 2.16±2.18 in the ALG group and 2.53±2.2 in the USG group (p=0.39). The duration of surgery was 133±44 minutes in the ALG group and 138±82 minutes in the USG group (p=0.66).
There was a statistically significant difference in the number of times that the attending anesthesiologist completed the procedure in the ALG group when compared to the USG group (p=0.006).
Complications
There was one patient who suffered a pneumothorax in the USG group that was discovered in the PACU and treated conservatively with medical management. There were no complications in the ALG group.
Discussion
This is the first study to compare TPVB techniques placed for post-operative pain control in patients undergoing mastectomy for cancer. There is mounting evidence in the literature that the choice of anesthetic technique affects incidence rates of recurrence and metastasis after tumor resection. [7] [8] [9] If two or more interventional techniques exist, it is important to determine the optimal opiate-sparing perioperative analgesic regimen, and the superiority of either technique must be sought based upon specific outcomes. Determination and implementation of optimal therapy may ultimately prove 
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Saran et al to have beneficial effects upon patient survival. There were no significant differences between the two techniques when intraoperative opioid use, duration of PACU stay, PACU opioid use, and pain score in PACU as markers for block success were compared. Similarly, we found no significant differences in the time to complete the blocks, despite the single-injection technique used with the USG method versus the multiple injections used with the ALG techniques. The data did reveal that trainees were allowed to complete the block in its entirety more often when USG is used. One complication did occur during the 2-year period examined: one patient developed pneumothorax in the USG group. There was no incidence of local anesthetic toxicity, epidural or subarachnoid injection, hypotension, or bradycardia in either group. A recent large retrospective review of >1400 TPVB injections revealed a complication rate of 0.7%, including symptomatic bradycardia and hypotension, vasovagal episodes, and local anesthetic toxicity. 17 The observed significant difference in the number of procedures completed by the attending anesthesiologists between the two groups deserves examination. This difference may exist because of the immediate visual feedback available to attending anesthesiologists when using the ultrasound technique. Visual feedback in real time may provide more security to the instructor, which in turn results in more leeway for the trainee. A brief review of the techniques used in the performance of the individual block modalities may provide further clarification. In the landmark technique, the needle tip is advanced without visual confirmation of its location. The transverse process is contacted, and then the needle is withdrawn, redirected, "walked off " the transverse process, and redirected toward the paravertebral space. This may yield a perceived loss of resistance or a "pop" that is transmitted along the needle and "felt" by the operator. However, this "pop" is not reliable, and its discernment may be even less reliably sensed by the inexperienced trainee. Medial and lateral directional variations are also difficult to discern.
These may decrease the rate of success of the block if the needle tip courses lateral to the intercostal space and the injectate is deposited in that location, or the needle may be directed medially and acquire the epidural space with resultant, inadvertent injection into the epidural space. Injection at this site might not only yield a more profound blockade but also impose a greater risk of undesired motor and cardiovascular effects. Finally and perhaps of greatest concern to both the instructor and trainee is the variable distance between the superior costotransverse ligament and the parietal pleura. The approach to this space can be unsettling for some operators since it requires greater three-dimensional thinking and precise manual adjustments and readjustments to accomplish the block. This may prove daunting to some inexperienced trainees. It should be noted here that these blocks are frequently performed in the immediate preoperative setting. Here there is often little time for trainees to err, make corrections, and then reattempt blocks when there is pressure to stay on schedule and move patients toward their surgical incisions. The number of trainee attempts may be severely limited before instructor intervention is deemed appropriate. Conversely, the USG technique may provide teaching benefits not found with the anatomic landmark method. Perhaps the foremost teaching benefit is the ability to visualize the needle tip continuously. This may provide the greatest consolation to trainee and operator alike. Determination of laterality of the target zone is possible because of the distinct ultrasonographic anatomy of the ribs versus that of the transverse processes. Needle depth determination is not based upon "usual" distances but actual observation of the approach to critical structures and targets. Successful needle tip positioning in the paravertebral space can be confirmed by direct visualization deep to the superior costotransverse ligament and then re-confirmed by anterior displacement of the pleura upon injection. Appropriate positioning may also be confirmed by observing injectate spread to the paravertebral spaces in both the cephalad and caudad directions. While 
1491
Comparison of TPVB techniques for postmastectomy analgesia no studies regarding specific comfort level of instructors or trainees performing these blocks have been conducted, there appears to be more objective and directly observable confirmation of proper procedure maneuvers available in the USG technique. Whether this renders one technique overall superior to another remains to be seen, but with respect to the hands-on repetitions needed to gain proficiency in a procedure at the trainee level. [18] [19] [20] There are several limitations in our study. This was a retrospective review of medical charts and thus there was a lack of randomization. The technique of TPVB, either anatomic or USG, was not randomized and was at the discretion of the anesthesiologist. The opioid regimen was not standardized and was also at the discretion of the anesthesiologist. We included many different types of surgeries in our analysis, and not all surgeries were equally as painful. There were some surgical procedures that had longer operative times and other procedures that required more analgesia. However, the types of surgeries were equally represented in both groups, thus allowing us to average our end points and compare them. Additionally, all the surgeries in this study were performed by one surgeon, further controlling for surgical pain and operative time. We did not account for differences in the training levels of the residents performing the block and assumed that the postgraduate level was uniform in the two groups. We found that the attending anesthesiologist was more likely to complete the procedure in the landmark-based approach and assumed that the efficacy was similar between resident anesthesiologists and attending anesthesiologists. Terkawi et al 21 found in their meta-analysis that a multilevel block improves pain control with movement in the first several hours following surgery but is associated with increased risk of procedural complications such as inadvertent vascular puncture. We did not see these differences in our retrospective review. However, the amount of local anesthetic used was significantly higher in the ultrasound group that used a single injection technique, which likely resulted in similar spread of local anesthetic and therefore similar analgesia between the two techniques.
Conclusion
Retrospective review of patients who received TPB either using multiple-injection anatomic landmark-based approach or single-injection USG approach at our institution undergoing tumor resection for breast cancer revealed no difference in perioperative opioid use and PACU pain scores. Prospective randomized trials are needed to determine if either technique provides superior efficacy with decreased complication rates.
Furthermore, the role of trainees in performing this block needs to be explored.
